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[57] ABSTRACT

Frequency response of 'a'si_gn:'al path over which fre-
quency-spaced signals are transmitted 1s analyzed by

‘sweeping relatively narrow pass band tunable receiving -

means across the frequency band expected to be re-
ceived at the location to be analyzed. Incoming signal |
to which the tunable receiving means is tuned at any
instant is used to control the frequency of a voltage

~ controlled oscillator. The frequency of oscillations

produced by the oscillator has a known relationship to
the amplitude of the instantaneously received signals,
and these oscillations are transmitted to a frequency--
to-amplitude converter at a measuring location. The
converter produces an output signal that has an ampli- -

" tude which is a function of the frequency of oscillations

applied to it. A spectrum indicator at the measuring

- location is connected to the converter to produce a

visual display of the amplitude of signals received at the
location at which the characteristics of the transmission
path are being analyzed. B :

9 Claims, 6 Drawing Figures
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SYSTEM AND APPARATUS FOR ELECTRONIC
- SPECTRAL ANALYSIS o

| BACKGROUND OF THE INVENTION

1. Fleld of the Invention -

This invention relatés to- the ﬁeld of the spectral
analys1s of a transmission path and partlcularly to a
system in which the spectrum of signals received at a
remote location 1s analyzed and dtsplayed at a measur— 10
ing location. | S |

2. The Prior Art -

In certain types of electronlc SIgnal transmission SySs-
tems such as community ‘antenna television (CATV)
systems or cable transmission systemns for transmitting 15
television signals or other relatively side band signals,
usually from a central location to a plurality of remote
locations, it is important that-the signals be transmitted
1in their entirety without the loss of signals in a part of

the frequency band and certainly without the loss of all 20

of the signals. Heretofore, the operators: of such sys-
tems have had to depend upon routine mamtenance or,
usually, immediate complaint by system subscribers in
the event of partial or total loss of signals at the sub-
. scriber’s location.: It is common for the transmission 25
path between the central location and the subscriber’s
location to include a number of links and connections,

- and any part of the transrmssron path may include the

point of signal loss. It is a time consuming procedure to
trace out the signal passage along the transmission path 30
to locate the point of loss. Such service is also costly,
not only from the standpoint of the time of the people |
involved in the maintenance and their travel costs in
reachtng the maintenance locations, but frequently also

in the costs of blocking traffic to reach a transmrssron 35

cable in an underground conduit.
It is one of the principle objects of the present imnven-

tion to measure transmission characteristics of a trans-
mission path by scanning a relatively narrow band re-

ceiving means across the band of signals that should be - 40

received at a predetermined remote location, trans-

- forming the received signals into a-signal that can be
~ transmitted to a central location, and displaying the
transformed srgnals to show the transmission character-

istics of the transmrssron path as. measured at the re- 45

mote location. o

Another object of the lnventlon IS to prov1de such
analysis on an automatic basis.

A further object of the invention is to provrde the
analysis in sequence for a number of such remote loca- 50

~ tions.

Further ob]ects will become apparent from the fo]—- |
lowrng specrﬁcatlon together with the drawings.

'SUMMARY OF THE INVENTION s

In accordance with the present invention, a spectral
“analysis system is provided for analyzing the amplitude
~versus frequency characteristics of a transmission path
along which signals are transmitted. within a predeter-

~ mined frequency band. The signals also have a prede- 60
-ing spectral analysis.

termined amplitude relatlonshlp with respect to each

- other. The system comprises tunable receiving means

“at a location on the path, such:receiving means having
‘a relatively narrow pass band tunable over the prede-
termined frequency band; amplltude responswe means 65
‘connected to the receiving means to receive the output
signal therefrom and having a predetermined transfer

charactenstlc to produce an output srgnal havmg
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predetermmed amplltude relatlonshlp with respect to::_'_

- the amplitude of the signals received at the location
~ and within the pass band of the receiving means at any

predetermined time; a voltage-controlled oscillator
connected to the amplitude responsive means to be
controlled by the output signal therefrom to cause the

instantaneous frequency of oscillations of the oscillator

to have a predetermined relationship to the amplitude -
of signals received at the location at that instant within
the pass band of the receiving means; a frequency-to-
amplitude converter connected to the voltage-con-
trolled oscillator to translate the instantaneous fre-
quency thereof to a voltage having an amplitude that is

a function of such frequency; and visual indicating
means connected to the converter to display the instan-

‘taneous amplitude of the output signal of the converter.

* BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of a central monitoring
station capable of controlling and responding to spec-

tral analyzlng equipment at a number of remote loca-
tions in accordance with this invention.

- FIG. 2 is a block diagram of a remote analyzer for use
in conjunction with the apparatus of FIG. I in accor—-
dance with this invention. ._

 FIG. 3 is a schematic circuit diagram of a tunable
recewlng input circuit for use in the apparatus in FIG.
FIG. 4 is a schematic circuit diagram of a logarithmic
amplifier to be connected to the output of the circuit in
FIG. 3. : -

FIG. 5 is a schematic dlagram of a voltage -controlled
oscillator and connection circuit to a telephone line, a

~ tone-signal decoder, and a reset c1rcu1t to be used In

the apparatus in FIG. 2. | -
FIG. 6 is a schematic circuit dlagram of a ramp srgnal

generator to be connected to the decoder and reset

circuit of FIG. § and to the mput circuit of FIG 3.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The blockdiagram in FIG. 1 illustrates the connec-

tions of typical components to be used in the system of
“the present invention. The circuit includes a transmis-

sion path selector 11 that may be a multi-position
switch or a keyboard switch or the like. The switch 11

~ is connected to a logic circuit 12 to control the opera-
~ tion of the logic circuit. The logic circuit is connected
- to a tone generator 13 and to a relay bank 14 that has

a plurality of output terminals 16, each of which is

‘connected to a separate remote analyzer. The logic

circuit 12 is also connected to the relay bank 14 to

| detennme whlch of the tenmnals 16 w1ll be in use at
~any given time.

The logic circuit 12 is further connected by means of

- a multi-position switch 17 to a timer 18 and a calibra-

tion generator 19. In addition the logic circuit is con-

nected to a numerical display 21 that indicates the
- position of the arm of the switch 17 and the parttcular- |

one of the transmission channels 16 currently undergo-

A band pass filter 22 is also connected to the relay .

bank 14 to receive signals transmitted back to the par-
“ticular one of the terminals 16 in operation. The output
“of the band pass fiiter 22 is connected to a frequency-
to-DC converter 23 that is also connected to the logic

circuit 12 for calibration purposes The output of the '
frequency-to-DC converter 23 is connected to a chart
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- frequency.

- signal that actuates the driver 48 which in turn switches .

~_conversion circuit to scan across the band of frequen- .

ever, the VCO 37 is capable of being shifted to such a

It will be noted that the difference between the low
frequency output of the VCO 37 and the high fre-
quency output thereof is 1 KHz and that this has been 5
determined to correspond to an increase of 100dB n
the amplitude of the output signal of the amplifier 34.
It is desired that the ratio of the controlling signal ap-
~ plied to the VCO 37 to the frequency of oscillations

‘produced by the VCO be linear. This is equivalent to 10

~ saying that each change of 1dB of the input signal at the

terminal 26 produces a change of 10 Hz in the fre-
quency of the VCO 37. B

The variable frequency output of the VCO 37 1s
applied by the transformer 39 to the telephone line 42. 15
It will be noted that the frequencies produced by the
VCO are well within the frequency band of a voice-
‘grade telephone transmission line. It would be possible
to expand the frequencies actually used to occupy a~
larger band, for example, from about 300 cycles to 20
'3KHz, but the range of 1.5 to 2.5Hzis sufficient. More-

over, the band of 1.5 to 2.5KHz leaves a lower band of . > and T __ |
need not be sent over a telephone line but may be sent ST
‘over some other transmission medium. A telepho ne .

~ frequencies below 1.5KHz for receiving signals applied
" through one of the terminals 16 to the respective tele-

 phone line 42 to control the operation of the apparatus 25
cable. o
The circuit in FIG. 1 also determines whether the
 signal to be analyzed is the signal at the input terminal
" 26 or the signal at the input terminal 29 or the signalat

depicted by the block diagram in FIG. 2. Typically, a
* frequency of 625Hz may be transmitted from one of
~ the terminals 16 in FIG. 1 along the respective tele-
" phone line 42 to the transformer 39 through which it

~ can pass and be applied to the low pass filter 44. The 30 1 |

- plished by the transmission path selector switch 11.

‘. This switch-may be simply a multi-position switch that.

‘could be connected directly through the logic circuit
12 to control individual relays in the relay bank 14 to

low pass filter transmits _ the 625Hz signal from the
~winding 43 but prevents any transfer of signals in the

"~ frequency band of 1.5 to 2.5KHz from reaching the

tone decoder 46 even if there is some leakage from the

- winding 38 to the winding 43 of the transformer 39. 35

The 625Hz signal that does pass through the filter 44
actuates the tone decoder 46 to produce an output

the arm of the relay 47 from its normally-closed

“contact to its normally-open contact. This permits an 40
“correct relay in the relay bank 14. o
~ The logic circhit 12 also provides a signal to actuate -
~ the last two digits of the numerical indicator 21 to show
" which one of the terminals 16 is activated correspond-

output signal from the tone decoder 46 to reset the

ramp generator 49 to its starting point. From that point =

the ramp signal generated by the generator 49 in-
“creases and shifts the frequency of the VCO in the dual
conversion generator 31 to cause the tuning of the 45

cies that should be received at the terminal 26. In so -
doing it is necessary to allow sufficient time for signals
to pass through the filter 33 without being attenuated
due to a lack of time necessary to allow the response of 50
" this narrow band filter to reach its full value. It has been
 found that if the signal generated by the ramp genera-
tor 49 takes about 70 seconds to sweep the VCO in the
" double conversion circuit 31 across the band necessary -

" band to the desired output frequency of 60MHz.
"~ When the ramp signal reaches a predetermined level, .
it actuates a 150ms reset circuit 51. This deactivates
~the driver circuit 48 and allows the arm of the relay 47
to return to its normally-closed contact, which is con- 60
" nected to the output of the reset circuit 5 1, and thereby

- The signals in the band of 1 Sto 2.5KHz'_transmitted-, |
-~ along _the telephone line 42 are applied to a particular

one of the terminals 16 in the control circuit of FIG: 1. .

4007423

~ This ter_ﬁiinalz is connected by means of the fel_ay _ban?k

14 to the band pass filter 22 that transmits signals

 within the 1.5 to 2.5KHz band. These filtered signals
- are applied to the frequency-to-DC converter 23 In.

which they are returned to a DC signal form that has an

signal corresponds to the signal applied to the VCO 37

~ DC signal from the converter 23 is applied to a pen of
the chart recorder 24 to trace out a pattern that corre-

- -amplitude that corresponds linearly to the frequency .
‘that is applied at any instant to the converter 23. This

" in FIG. 2, and thus corresponds to the logarithm of the
amplitude of the instantaneous narrow band of signals
applied to the input terminal 26 and converted so that
‘they can pass through the narrow band filter 33. The

sponds to the spectral signal applied to the input termi-

 Thus, the signal that carries spectral ziﬁa'lysis infor-

"~ mation from the location of the apparatus shown in
'FIG. 2 to the location of that shown in FIG. 1 is simply

a variable frequency signal and is basically independent

telephone line and related equipment. The information

- of any amplitude distortion that might be present in the

line is likely to be the cheapest and most easily avail-

some other input terminal. The selection is accom-

actuate any desired one of the terminals 16. If there are - o
many such terminals, it may be desirable to use akey-

~ board as the transmission path selector switch 11. Then.
 the logic circuit 12 will have to be responsive to output - o
~ signals of the type normally associated with a keyboard =

in order to generate the necessary signal to control the

ing to the desired terminal 26, 29, etc. The logic circuit

12 also controls the tone generator 13 that generates -
" the 625Hz signal to actuate the ramp generator 49 in~
. FIG. 1 at the selected remote analyzer. Although the
ramp generator has been indicated taking 70 seconds - -

to co'mp;l_ete’ one cycle of operation, it has been found

sent out for the entire 70 second interval.

cated. the 1.5KHz signal is applied through the logic

~ sufficient to arrange the logic circuit 12 to cause the
‘tone generator 13 to produce a 4 second burst of the
625Hz signal, and it is not necessary that the tone be -
to convert any incoming signals in the 50 to 300MHz 55 _In setting the control circuit n FIG. 1 into operation
| ~ initially, it is necessary to calibrate the frequency-to-
~ DC converter 23 and the chart recorder 24. Since the
* minimum signal level corresponds to a frequency of
- 1.5KHz applied to the frequency-to-DC converter 23,
the control circuit in FIG. 1 provides a calibration
~ generator 19 that produces a 1.5KHz signal which is
~ applies a resetting signal to the ramp generator 49 to . connected to the third terminal of the switch-17. The
- return the output signal level of the ramp generator to '
. its original value. This completes the necessary scan-
‘ning of the incoming signals at the terminal 26. 65

 calibration generator 19 also provides a 2.5KHz signal
~ connected to the fourth terminal of the same switch. By -

~ circuit-12 to the converter 23 to generate an output

signal that should cause the pen of the ...t;hart.:‘ reco rder- -
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pacltor 91 is permanently connected as’ an mtegratmg
capacitor In. an mtegratmg c1rcu1t that comprises a

differential amplifier-93. The capacntor 91 has a rela-

tively small capacrtance and would generate a rela-

tively, rapidly rising sawtooth waveform.. The capacitor
92 has a much larger. capacrtance and,-in combination

with the resistor 94 has a very long time constant. It is

this long time constant that generates a relatively long

- ramp signal 96 of about 70 seconds when the arm 90 of

the relay 47 is brought into contact with the normally-
open contact 89.

The ramp waveform is requrred to be non-linear and
to increase more rapidly with the passage of time dur-

ing the 70 second interval in order to apply the neces-

sary ramp signal to the circuit 31 (FIG. 3) to cause the

VCO in the circuit 31 to sweep the frequency linearly

with respect to time.
The non-linear ramp signal 96 is produced by provid-

ing a plurality of amplifiers 97-100, each having one

terminal connected through a resistor 102 to a power

supply terminal, which in this case is ground. The other

terminal of the amplifiers 97-100 is connected to the
arm of a respective potentlometer 103-106. These

output terminal of the integrator 93 so that the ramp

S

10

15

20

~ potentiometers are all connected In series across the-.25

signal 96 is applied across them. The amplifiers 97-100

are, preferably, Norden amplifiers that respond. to

changes in current. The input terminals of the amplifi-

ers 97-100 connected to the arms of the potentiome- 10

ters 103-106 cause the amplifiers to become conduc-

tive at different points along the ramp signal 106. The

output terminal of each of the amplifiers 97-100 is

~ connected in series with two oppositely polarized di-
~odes 107a, 1075-100a, 110b, to the junction to the
resistor 94 and the capacitor 92. The junction between

“each pair of diodes 107a, 1076 - 110a, 110) 1s. con-
nected to the power supply terminal by a resistor

112-115 of the proper resistance such that, as the ramp

signal 96 progresses each of the resistors 112-115 in |
turn is placed in parallel with the resistor 94, starting

- with the resistor 115 and working up to the resistor
112. The addition of each resistor decreases the time
“constant and causes the capacitor 92 to charge more
qulckly The same charging takes place if the capacitor
92 is not connected in the circuit, but the capacrtor 91

92. |
The resettlng of the lntegrator 93 1S accompllshed

when the ramp output signal 96 reaches a certain level

that actuates the reset circuit 51 (FIG. §). This de-

energizes the driver 48 in FIG. § and allows the relay 47
to permit its arms to return to the position shown in

charges at a much faster rate than does the capacrtor

35
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phtude vVersus frequency charactenstlcs of sald path
the system comprlslng ~ - :
A tunable receiving means at a locatlon on sald path |
-said receiving :means having a relatively narrow
'pass band tunable over said frequency band; =
B amphtude responsive means connected to said
- receiving means to receive the output srgnal there-

| from and havmg a predetermmed transfer charac-

teristic to produce an output signal having a prede-
termined amplitude relationship with respect to the

amplitude of the signals received at said location
within the pass band of said recewmg means at any
predetermined time;

C. a voltage controlled oscillator connected to said
amplitude responsive means to be controlled by the
output signal therefrom to cause the instantaneous -
frequency of oscillations of said oscillator to have a.
predetermined relationship to the amplitude of

~ signals received at said location at that instant
within the pass band of said receiving means, the

~ frequency of oscillations of said oscillator being

“much lower than frequencies in said frequency

band and being included within a relatively narrow
 band compared to said predetermined band;

D a frequency-to-amplitude converter connected to
said voltage controlled-oscillator to translate the
instantaneous frequency thereof to a voltage hav-

- ing an amplltude that is a function of such- fre- '
quency; | ” | } .

E a second transmission path connectlng sald oscllla- "
‘tor to said converter; and | |

F. visual indicating means connected to said con-
verter to display the instantaneous amplitude of the‘ '
-output signal of said converter.. .

2. The system of claim 1 in which the srgnals trans-

mitted along the first transmission path occupy prede-

~ - termined frequency channels, each having a predeter-

45

50

that figure in which they are in contact with the nor-

mally-closed terminals. Thereafter the circuit waits for

skilled in the art that modifications may be made

55

~ another 625Hz tone to begin another cycle of opera- . .
 tion as a spectrum analyzer.

While this invention has been described in terms of

- specific embodiments, it will be understood by those

60

therein within the true scope of the invention as de-

fined by the followmg claims.
What is claimed is:

1. In a system in which signals are- transmrtted along o

" a first transmission path and such srgnals are within a
predetermlned wide frequency band and have a prede-

termined amplitude relationship with respect to each

65

. ~other, a spectral analysis system for analyzing the am-

40

mined carrier frequency, and the pass band of said

tunable receiving means is narrower than the frequency- |

dlfference between adjacent ones of sald carrier fre- o

quencies. | | |
3. The system of clalm 1in whlch sard tunable recew- .

Ing means compnses - |

A. a mixer; | -

B. a second voltage controlled oscrllator connected
to said mixer to supply local oscillations thereto to
be mixed with received srgnals apphed to said
mixer; and -

- C. a ramp signal generator connected to said second |
voltage controlled oscillator to supply a ramp sig-
nal thereto as a tuning signal to cause the fre- -

~ quency of oscillations produced by said second
voltage controlled oscillator to vary in a predeter-"
mined manner to tune said tunable recemng means
across said predetermined band. -

4. The system of claim 1 comprising volce-grade

transmission means connecting said voltage controlled

oscillator to said converter, said system further com-
prlSlng | SO . o |
A an actuating srgnal generator located at the same -
end of said ﬁrst transmrssron means as sald con-
verter; and - + '

B. actuating srgnal decodmg means located at the

same end of said first transmission means as said -
~tunable recemng means to actuate the tuning of
said receiving means to scan said frequency band.
- 5. The system of claim 1 in which there is a loganth-
‘mic transfer characterrstlc between the frequency of
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